Lys182 of c-Myb R3 form bipartite hydrogen bonds with notable. While one oxygen from the Glu132 carboxyl group makes a hydrogen bond with the N4 nitrogen of A18, A19, and G8Ј bases, respectively, while Glu132 and Lys128 of c-Myb R2 form hydrogen bonds with C20 and C20, the other is packed against the C5 carbon of C20. Thus, consistent with the earlier study on the methyla-G22 bases, respectively. The geometry of the recognition of C20 by the side chain of Glu132 is especially tion-controlled promoter binding of Myb (Klempnauer, Figure 4D , the I91N and L106H and Arg328 are conserved as basic residues among c-Myb-interacting C/EBP family members (C/EBP␣, ␤, mutations each drastically impair c-Myb-C/EBP␤ binding. As C/EBP␤ interacts with both the ␣1 and ␣2 helices of ␦, and ⑀), and together these two residues provide a basic potential surface oriented toward the DNA. c-Myb R2, the positional shift of the ␣2 helix in R2 induced by the I91N or L106H mutations would be expected Inside the polar interaction area, hydrophobic residues from c-Myb R2 and C/EBP␤ chains A and B form to alter the C/EBP␤ binding surface, impairing the interaction between C/EBP␤ and the mutated Myb. van der Waals contacts. Interacting within this hydrophobic region are Leu106, Tyr110, the methylene As mentioned above, K ϩ is involved in the interaction between Glu336 in C/EBP␤ chain B and the peptide backpart of Arg114, Val117, the methylene part of Lys120, and His121 from c-Myb R2; Thr326, Leu327, the methylbone extending from the ␣2 helix to the ␣2-␣3 loop of c-Myb R2. In the AMV-v-Myb complex, the nearly regular ene part of Asn329, Leu330, the methylene part of Glu333, Leu334, and Pro335 from C/EBP␤ chain A; and triangle orientation formed by the backbone oxygens of Ala119, Leu122, and Arg125, which mediates K ϩ bindPhe331 and Leu334 from C/EBP␤ chain B. The site of interaction in c-Myb R2 includes two residues that are ing, is significantly distorted by the shift of the ␣2 helix in R2, and the ion is absent. This may also contribute mutated in AMV v-Myb, and nearly corresponds to the hydrophobic patch that was previously predicted to be to the reduction in Myb-C/EBP␤ binding affinity. Figures 3C and 3D ). Unexpectedly, the V117D mutation found in AMV v-Myb does To confirm that the c-Myb-C/EBP␤ interactions observed in the crystallized structure really exist in solunot impair C/EBP␤ binding activity, but rather slightly enhances it. Based on a modeling study, it is predicted tion, we performed GST pull-down assays under DNAfree conditions using a GST-fused wild-type or mutated that loss of van der Waals contacts between Val117 and C/EBP␤ would be energetically compensated for c-Myb DBD and the C/EBP␤ C-terminal region containing the bZip region ( Figure 4A the interaction of c-Myb and C/EBP␤ bound in close interacts with the DNA phosphate backbone from both the minor and major grooves via the backbone amide proximity to one another. To eliminate that possibility, we used another luciferase reporter containing the groups of Arg114 and Trp115 ( Figures 3B and 3E ). As we reported previously, the peptide bond linking Lys113 269-bp mim-1 promoter (nucleotides Ϫ161 to ϩ108) (mim-1[161]luc), which has one Myb binding site at Ϫ147
Val117 of c-Myb R2 makes a number of van der Waals an interaction site for other Myb binding proteins (Ogata et al., 1995). contacts with C/EBP␤ (
and Arg114 is flexible in the DNA-free state (Ogata et al., 1995 ; T.T. et al., submitted); however, when and one C/EBP␤ binding site at Ϫ65 (Figure 5C ). Although the degree of activation was somewhat lower C/EBP␤ binds to the c-Myb-DNA complex, major structural changes occur around the C terminus of ␣1 and than that seen with mim-1(242)luc, the data are quite similar, indicating that the interaction of c-Myb and the N terminus of ␣2 in R2, which ultimately affects the conformation of the ␣1-␣2 loop, thereby stabilizing this C/EBP␤ bound to the promoter at a distance from one another plays a key role for the synergistic activation of part of c-Myb R2 ( Figure 3E ). In particular, the side chain of Arg114 in the ␣1-␣2 loop, which interacts with the transcription.
DNA minor groove, forms a salt bridge with the side chain of Glu323 in C/EBP␤ chain A. AMV v-MybϪDNA A Possible Mechanism for Protein Assembly from a Distance binding escapes such regulation by C/EBP␤; instead, the substituted His106 and Asp117 residues, respecWe recently showed that conformational stabilization of a flexible "regulatory" loop, which interacts with the DNA tively, stabilize the conformations of the flexible peptide bond between Lys113 and Arg114 and the side chain minor groove, by a partner protein is a critical cooperative mechanism adopted by transcriptional regulatory of Arg114 ( Figure 3A ). proteins to increase their DNA binding affinity; the DNA complex containing AML1/Runx-1 and CBF␤ is a good Implications of Synergistic Transcriptional Regulation example (Tahirov et al., 2001a) . Furthermore, structural comparisons of that complex with other multi-proteinMost genes have promoter and enhancer regions that span hundreds of base pairs and contain multiple bind-DNA complexes suggest the proposed mechanism is a common element of protein assembly on promoter DNA.
ing sites for a variety of transcriptional regulatory factors, often widely separated from one another. To create Consistent with that notion, a similar mechanism appears to be at work in the c-Myb-C/EBP␤-DNA complex an appropriate surface for efficient interaction of transcriptional coactivators, however, a spatially close ardescribed here. The regulatory ␣1-␣2 loop of c-Myb R2
